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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract:- 

PROBLEM TO BE SOLVED: To enhance the cycle reliability and storage 
stability of a lithium secondary battery by using a nonaqueous electrolyte of a 
solvent containing the specified amount of a specific non-conjugated 
unsaturated cyclic hydrocarbon compound in the secondary battery having a 
carbon material negative electrode and a lithium-containing oxide positive 
electrode. 

SOLUTION: A belt-shaped negative electrode 2 made of a carbon material 
such as flake high crystallized graphite capable of absorbing/releasing lithium 
and a belt-shaped positive electrode 1 made of a lithium-containing oxide such 
as LiCo02 are stacked and wound through a porous separator 5. The spirally 
wound electrode body obtained is' housed in a battery container 6 together with 
a nonaqueous electrolyte, and lead terminals 3, 4 are fixed to obtain a 
nonaqueous electrolyte lithium secondary battery. As a solvent occupying 
80-90% of the nonaqueous electrolyte, ethylene carbonate or the like is used, 
and 10-20vol.% non-conjugated unsaturated cyclic hydrocarbon compound""^ 
having a plurality of double bonds and 6-12 carbon atoms is added to the 
ethylene carbonate or the like. As the solute of the nonaqueous electrolyte, a 
lithium salt such as lithium hexafluorophosphate is used. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to a nonaqueous electrolyte rechargeable battery. 
[0002] 

[Description of the Prior Art] In recent years, the spread of mobile communications or laptop computers is remarkable, and the 
need of the rechargeable battery in which charge and discharge are possible is also repeatedly extended by leaps and bounds as a 
power supply use of these electronic product. These are portable products and a power supply is also asked for performances, 
such as lightweight, small, and high capacity. Furthermore, high-voltage-ization is called for by multi-functionalization of these 
products. Research and development especially in a lithium secondary battery is briskly done as a power supply which fills these 
demands as a nonaqueous electrolyte rechargeable battery and a cell which has a high voltage and high-energy density, the 
positive active material which realizes high-energy density of a lithium secondary battery ~ LiMn 204, and LiCo02, LiNi02 
and LiFe02 etc. - the multiple oxide of a lithium is mentioned 

[0003] On the other hand, the carbon material which emits [ occlusion and ] a lithium metal, a lithium alloy, and a lithium is used 
for the negative electrode. When a lithium metal and a lithium alloy are used for a negative electrode, there is a problem which 
generation of the DIN drama id on the front face of an electrode by the electrocrystallization of a lithium, degradation by 
expansion and contraction of an electrode, etc. generate. On the other hand, in a carbon material, since a lithium ion performs 
charge and discharge intercalation and by carrying out a deca rate between the layers of carbon material, the problem in a metal 
or an alloy is solved. However, if charge potential is set up more than 4V, a charge-and-discharge cycle is repeated or a long 
term storage is carried out in the state of charge, a property will deteriorate. This is considered to originate in decomposition 
degradation of the electrolytic solution by the high voltage, especially a non-aqueous solvent as shown in JP,4-332479,A, 
JP,4-249870,A, JP,4-337258,A, JP,4-337247,A, etc. That is, even if it is a layer indirect desulfurization insertion type electrode, 
the electrochemical reaction in a front face is in the situation which is not avoided. Therefore, in order to improve the 
performance ofa 4 V class high capacity lithium secondary battery and to improve a cycle property and preservation reliability, 
property improvement of nonaqueous electrolyte is indispensable. 

[0004] Many methods of adding a specific compound as the method of electrolytic-solution improvement are exhibited. For 
example, by JP,4-332479,A, in order to prevent a surcharge, doing 10 capacity % addition of methylbenzenes is describing. 
Moreover, the method of raising charge storage stability is describing by adding toluene at JP,4-249870,A. Many of additives 
used for improvement of these electrolytic solutions tend to prevent the decomposition reaction of a solvent using the reactivity 
of these very thing. 
[0005]. 

[Problem(s) to be Solved by the Invention] However, by such method, when the additive itself reacts, additives decrease in 
number, the effect may fall or an excessive resultant may remain in the electrolytic solution. Then, artificers' itself is also stable 
and they thought that an additive which suppresses the reaction of the main solvent was required. 

[0006] The purpose of this invention offers the electrolytic-solution composition which added the stable additive without an 

autolysis, and is to improve the cycle reliability and storage stability of a lithium secondary battery. 

[0007] 

[Means for Solving the Problem] First, happening, even when disassembly of a solvent uses a lithium metal and a lithium alloy 
as a negative electrode or that it is easy to decompose the big cyclic molecule of the diameter of a molecule rather than a chain 
molecule by the case of a carbon negative electrode, and since a cycle property would improve further if the coat ofa resultant is 
formed in an electrode front face in early stages of a charge-and-discharge cycle, I thought that the decomposition reaction ofa 
solvent advanced on an electrode front face by the carbon negative electrode. On the other hand, if a solvent molecule 
configurates in a lithium ion, the electron density distribution in a molecule will change. It is thought that the carbonate which is 
the solvent used for the nonaqueous electrolyte rechargeable battery until now, lactone, ether, and ester are configurated in a 
lithium ion through the unpaired electron with the oxygen atom in a molecule. When these solvents are configurated in a lithium 
ion, the electron density of the carbon atom of the next door of oxygen falls extremely. For this reason, the carbon of the next 
door of coordination oxygen is easy to receive a reduction reaction at the time of charge. That is, since the big solvent of the 
diameter of a molecule was not able to carry out a coin TAKA rate where a solvation is carried out to a lithium ion, the 
probability of stopping near the negative electrode increased, the probability that the carbon of the next door of coordination 
oxygen would be returned became high, and I thought that it was easy to decompose. 
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[0008] Based on the above consideration, it was not based on the unpaired electron on atoms, such as oxygen and nitrogen, but 
the solvation to a lithium ion was possible, and where a solvation is carried out, I thought that it might become an additive for the 
decomposition prevention of a solvent with the stable matter in which a coin TAKA rate is possible between carbon layers. Then, 
the additive which fulfills these conditions was searched paying attention to the compound which does not contain light element 
hetero atoms, such as oxygen and nitrogen. Consequently, six or more carbon numbers and 1 2 or less unsaturation cyclic 
hydrocarbon which have two or more double bonds found out that . the solvation of the lithium ion could be carried out by 
pi-ejectron supply. Specifically, 1, 3-cyclohexadiene, 1, 4-cyclohexadiene, 1, 3-cycloheptadiene, cycloheptatriene, 1, 
5-cyclo-octadiene71 and 5, 9-cyclododecatriene, etc. can be used., Since the so-called conjugated double bond is not formed, in 
case it configurates in a lithium ion, these compounds can transform a molecular shape, and they can be configurated so that ion 
may be wrapped in. Moreover, solvents, such as near and carbonate, can also configurate the coordination force in concertante 
performance in the coordination force by the oxygen atom at a lithium ion/Furthermore, the diameter of the minimum at the time 
of these molecules configurating in a lithium is 0.336nm which is the interlayer spacing of a carbon material. It is small, and it is 
desorbed from big molecules, such as an annular solvent, near the electrode, and a coin TAKA rate can be carried out between 
carbon layers. Moreover, since the configuration of a coordination molecule turns into the flat configuration where the lithium 
ion was wrapped, it can adsorb in latus area comparatively with the internal surface of a carbon layer, and it is a form 
accompanied by the coordination molecule, and it is possible to form a stable capacitor. That is, a stable charge state is 
realizable. 

[0009] Although the liquid phase temperature requirement of the capacity as a non-aqueous solvent is [ the above-mentioned 
compound ] also widely enough, since a dielectric constant is low and the conductivity of the electrolytic solution cannot secure 
a hydrocarbon compound easily, these compounds have the effective use as an additive. As for the addition, it is effective to 
consider as concentration almost equal to the lithium salt concentration in the electrolytic solution, and, specifically, its addition 
of 10 - 20 volume % is desirable in the electrolytic solution with a concentration of one mol [/I. ]. 
[0010] 

[Function] The electrolytic-solution additive of the disconjugation unsaturation cyclic hydrocarbon of this invention has the 
small electron density change in the molecule at the time of configurating in a lithium ion, and can realize stable solvation 
structure. Furthermore, since the diameter of the minimum of solvation structure is small, between the layers of a carbon negative 
electrode, a coin TAKA rate is carried out, the adsorption layer of the form accompanied by the solvent can be formed, and a 
stable charge state is made to attain. 
[0011] 

[Example] Hereafter, the example which applied this invention to the cylindrical nonaqueous electrolyte rechargeable battery is 
explained in detail. » ' 

[0012] (Example 1) The cylindrical nonaqueous electrolyte rechargeable battery produced by this example to drawing 1 is 
shown. First, the band-like positive electrode 1 was produced as follows. A commercial lithium carbonate and commercial cobalt 
carbonate are mixed so that composition ratio Li/Co may be set to 1, and it calcinates at 900 degrees C in air for 7 hours, and is 
the lithium cobalt oxide LiCo02. It obtained. By making this lithium multiple oxide into a positive active material, the 
polyvinylidene fluoride was mixed for the graphite as an electric conduction agent 90% of the weight, and 4 % of the weight was 
mixed as 6 % of the weight and a binder, and further, the N-methyl-2-pyrrolidone was added and kneaded and it was made the 
shape of a paste. This paste was applied to both sides of a band-like aluminum foil, press dryness was carried out, and the ' 
band-like positive electrode 1 was produced. 

[0013] Next, the band-like carbon negative electrode 2 was produced as follows. The polyvinylidene fluoride was mixed for the 
flake quantity crystal graphite (Hitachi Chemical make) as a carbon material, and 10 % of the weight was mixed as 90 % of the 
weight and a binder, and further, the N-methyl-2-pyrrolidone was added and kneaded and it was made the shape of a paste. This 
paste was applied to both sides of band-like copper foil, press dryness was carried out, and the band-like negative electrode 2 
was produced. 

[0014] In addition, in order to collect a current to a positive electrode 1 and a negative electrode 2, the positive-electrode lead 
terminal 3 made from aluminum and the negative-electrode lead terminal 4 made from nickel are connected to them, 
respectively. Thus, the laminating was carried out mutually, making the separator 5 which consists of a micro porous film made 
from polypropylene among these the positive electrode 1 and negative electrode 2 which were produced intervene, it ****(ed) 
many times, and the swirl type electrode object was made. 

[0015] This electrode object was contained in the iron cell container 6 which performed nickel plating, the negative-electrode 
lead terminal 4 was connected to the low section by spot welding among the cell containers 6, and the positive-electrode lead 
terminal 3 was similarly connected to the cell obturation board 7. 

[0016] As the electrolytic solution, the solution which dissolved one mol /of 6 lithium fluoride in the solvent of ethylene 
carbonate:diethyl carbonate: 1 and 5-cyclo-octadiene comparatively prepared so that it might be set to 45:45:10 by the volume 
ratio 1. was produced. This electrolytic solution was poured in the cell container 6 which contained the electrode, this cell 
container 6 and the cell obturation board 7 were fitted in through the packing 8 made from polypropylene, and the cylindrical 
nonaqueous electrolyte rechargeable battery was produced by the caulking and sealing. In addition, the dimension of this cell 
was 60mm in the outer diameter of 20mm, and height, and capacity was 900mAh(s). 

[0017] (Example 2) ethylene carbonate: ~ diethyl carbonate: - the solution which dissolved one mol /of 6 lithium fluoride in the 
solvent of 1, 5, and 9-cyclododecatriene comparatively prepared so that it might be set to 45:45:10 by the volume ratio 1. was 
made into the electrolytic solution 
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rnoi-81 fExamole 3) ethylene carbonate: - diethyl carbonate: - the solution which dissolved one mol /of 6 lithium fluoride in the 
H oW^P^SSe comparative^ prepared so that it might be set to 45:45: 1 0 by the volume rafo .. was made 

solvent of cyclo PENTA trien comparatively prepared so that it might be set to 45.43.iu oy me vuiu 

KKSSS ethylene carbonate: - diethyl carbonate: - the solution which dissolved one mol /of 6 lithium fluoride in the 
Etof i S 2>5btaS comparatively prepared so that it might be set to 45:45: .0 by the volume ratio 1. was made 

SSn (Ste 6)e°5en n e carbonate: - diethyl carbonate: - the solution which d.ssolved one mol /of 6 .ithium fluoride in the 
T^n^lS^ll comparatively prepared so that it might be set to 45:45:10 by the volume ratio 1. was made 

mmiS^£^(E^ 1 of comparison) The solution which dissolved one mol /of 6 lithium fluoride in the 
SS^UU P-P-d so that it might be set to 50:50 by the vo.ume ratio 1. was made into the 

riS?Sl S Sar e eable batteries - being related - 300mA of constant-current charge - 4.2V up to - the following ' 

^ti^a^utr Lging^s a charge-and-discharge eye, examination it is , 
a 300 cycle deed and an examination was evaluated for constant-current charge and discharge. Moreover, 0.2C after storing at a 
^2™™Sie state of charge as a charge storage examinarion for 500 hours Constant-current discharge was performed 
and o^cSt voltage and the capacity maintenance factor were investigated. These results are shown in Table 1. 
[0024] • 
[Table.] ■•■/«!. 
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100251 Compared with the rechargeable battery of the example 1 of comparison which does not contain this, a cycle property and 
hag^ 

d.sconjugation unsaturate cyclic hydrocarbon are improving so that c early from Table 1 -"H 0 ^ ^ ™ 

of examples 5 and 6 bad a little thinks that the.boihng point of these additives originates in 90 degrees C or less and low tmng. 

. [Effect of the Invention] When this invention makes the solvent-containing a disruption unsaturation cyclic hj^™* 6 
E^fc Mhltion of i nonaqueous electrolyte rechargeable battery, the cycle and charge storage life of a cell are improved. 



[Translation done.] 
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